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Monday, February 27, 2012 231areplaced with chicken D137L Tm showed a 0.15 increase in pCa50 compared to
WT. This result supports the hypothesis (Sumida et al., 2008) that the increased
flexibility imparted to the Tm coiled-coiled structure by Asp at 137 avoids
excessive turning-on of the system at the high physiological myosin concentra-
tions. Supported by Telethon-Italy GGP07133, STREP Project ‘‘BIG-
HEART’’ 241577 EC and NIH HL22461.
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Two mutations, skeletal a-actin K326N and b-tropomyosin DK7 were reported
in patients with ‘stiff’ muscles and spontaneous contractures, suggesting a hy-
percontractile phenotype. K326N actin was isolated from a patient biopsy and
DK7 b-tropomyosin was expressed in baculovirus/sf9 cells. Ca2þ regulation of
reconstituted thin filaments was studied by quantitative in vitro motility assay.
Both mutations increased Ca2þ-sensitivity (EC50 mut/WT =0.3750.05 and
0.4550.25 respectively). In recent models of actin-a-tropomyosin in the
OFF state, both actin K326 and tropomyosin K7 are located in the actin-
tropomyosin interface. We suppose that the charge change due to the mutation
would destabilise the OFF state and favour the equilibrium towards the ON
state, thus accounting for the higher Ca2þ-sensitivity.
We also examined a pair of mutations that cause loss of function. Skeletal a-
actin D292V (from a patient biopsy) and b-tropomyosin E117K (expressed
in baculovirus/sf9 cells ) cause congenital fibre type disproportion ( i.e weak
contractility without nemaline bodies). In reconstituted thin filaments b-tropo-
myosin E117K caused a decrease in Ca2þ-sensitivity (EC50 mut/WT =
2.4450.55). Addition of tropomyosin to actin D292V filaments caused a com-
plete switch-OFF of motility that could not be reversed by troponin at high
Ca2þ or even NEM-S-1. Thus congenitally weak muscles correlate with loss
of function at the molecular level. These mutations are not at the interface of
the OFF state but have an opposite charge change to the gain-of-function mu-
tations and are in a location that could destabilise the ON state, which may ac-
count for the loss of function.
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Striated muscle is activated by calcium binding and further activated when
myosin heads strongly bind the regulated thin filament (RTF). Several interme-
diate states of the myosin-RTF binding pathway continue to be debated, how-
ever for an accurate mesoscopic kinetic model it is imperative to define only
stable chemical states without inclusion of transient intermediate structures.
Our novel simplified model of thin filament regulation (SMoR) is a stream-
lined, two-state system with calcium- and myosin-dependent binding rates.
This minimalist model is consistent with both the Hill and the McKilloop
and Geeves models. It is easily incorporated into larger scale models of
skeletal and cardiac mechanics and provides a simple analytical expression
with powerful predictive value for accurate hypothesis testing. SMoR predicts
amrinone, an inhibitor of ADP release, will increase calcium sensitivity;
sucrose, an inhibitor of myosin attachment, will decrease calcium sensitivity
as a result of modulations of attachment and detachment kinetics, respectively.
Our experimental data shows pCa50 shifts from a standard value of 5.65 to
6.44 with 4mM amrinone; and to 5.14 with 180mM sucrose. Our model
predicts that altering both attachment and detachment kinetics will have
compensatory effects, allowing calcium sensitivity to be ‘‘rescued’’. Complex
modulations of myosin kinetics were tested experimentally with 4mM amri-
none which was rescued with low myosin density and 120mM sucrose to
restore the pCa50 to 5.64 and 5.66 respectively. SMoR predicts that decreasing
the ADP release rate at low calcium can increase actin-sliding velocities.
Consistent with the prediction, we show amrinone increase actin-sliding veloc-
ities at sub-activating calcium concentrations. The ability to make complex
predictions from fundamental principles has yet to be shown by any other
model. SMoR is an accessible and accurate alternative to more complex
models of regulation.Platform: Membrane Protein Structure I
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Recent crystallographic discoveries show that surprisingly diverse transmem-
brane transporters share a very similar topology composed of pseudo-
symmetric inverted dual subunits. So, a common structural mechanism may
govern the divers translocation. For instance, alternate frustration of the
pseudo-symmetry can thought to be the underlying principle that governs the
structural interconversion that results in alternate access of substrates. Here,
to test the generation of transport function by a universal mechanism, we
have employed a de-novo design approach to achieve a soft metal translocation
function in a minimalist system. An anti-parallel homo-tetrameric bundle of
25-residue transmembrane helices was designed to adopt soft metal chelation
in a pseudo inverted symmetry context. Vesicle-reconstituted de-novo peptide
shows transport activity specific for soft metal ion Zn2þ. Also, the protein
structure and chelation,
as well as its tetrameric
arrangement, gazed by
UV-Vis, circular dichro-
ism, analytical ultra-
centrifugation, NMR and
x-ray diffraction in a
micellar context is consis-
tent with the design. To-
gether, these results are
in agreement with trans-
port via alternate frustra-
tion of internal symmetry.1167-Plat
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The Naþ coupled betaine uptake system BetP of Corynebacterium glutamicum
belongs to the BCCT family of transporters and comprises both a catalytic
function (betaine/Naþ cotransport) and a sensory/regulatory function (re-
sponding to osmotic stress). Its 2D (electron crystallography) and 3D structure
(X-ray crystallography) has been solved. Within a homooligomeric trimer,
each BetP protomer harbours both an N- and a C-terminal domain involved
in stimulus sensing and intramolecular signal transduction. Factors known so
far contributing to the sensory and regulatory function of BetP are (i) the
two terminal domains, (ii) Kþ ions as an osmostress related stimulus, and
(iii) interaction with the surrounding membrane. The primary stimulus of
BetP, the rise in the cytoplasmic Kþ concentration, has been elucidated using
a proteoliposomal system, whereas the second stimulus, attributed to changes
in the physical state of the surrounding membrane was investigated in intact
cells.
Intramolecular signal transduction of the two different stimuli involves contri-
butions from individual domains of BetP protomers and is essentially based
on its oligomeric (homotrimeric) structure. We have now analyzed interaction
of the three individual protomers of BetP in mechanistic terms by using
novel heterooligomeric constructs of BetP composed of three structurally
different protomers. On the basis of these studies we suggest a functional
model of intersubunit crosstalk between the three individual BetP monomers
as well as the terminal domains of BetP during its catalytic and its sensory
function.
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Electron cryo-microscopy, three-dimensional image analysis and computa-
tional docking were used along with biochemical and biophysical approaches
to provide the three-dimensional (3D) structure of full length aIIbb3 integrin
while in a membrane bilayer. Integrins are expressed on the cell surface in
either an ‘‘on’’ or an ‘‘off’’ state with respect to ligand binding. Increased
232a Monday, February 27, 2012ligand binding affinity of integrins is central to cell migration, extracellular ma-
trix assembly, immune response, and hemostasis. Much of the current thought
on the mechanism of integrin activation is inferred from crystal structures of the
b3 integrin ectodomains. All of these structures show the receptor to adopt
a ‘‘bent’’ conformation, where the headpiece containing the ligand binding
site is pointed in the same direction as the tail.
Our results provide direct structural evidence that both the ‘‘on’’ and ‘‘off’’
forms of integrin aIIbb3 are distributed across multiple conformations, ranging
from a compact nodule to a fully upright stance. The experimental system em-
ployed provides the means to examine the structure of full-length receptors in
the presence or absence of their activators and thus does not rely on the ‘‘com-
putational ligation’’ of independently determined structures of extracellular
face and cytoplasmic domains. Here, in this study we identify the density asso-
ciated with a cytoplasmic activator (talin) juxtaposed with the membrane where
it associates with the C-terminal region of integrin while embedded in the mem-
brane. Consequently, here we show that integrin extension does not equate to
activation of ligand binding function and thus extension is not synonymous
with activation, nor is the activation state of the integrin correlated with any
particular global conformation.
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Membrane proteins are involved in many biological processes and allow for ex-
ample the transport of small solutes, ions or water across the lipidic membrane.
Membrane proteins are also the target of many therapeutic agents. Despite this
importance, the number of atomic structure of membrane proteins is very low
compared to soluble proteins. In the present work, we propose to use Small An-
gle X rays Scattering (SAXS) applied to membrane proteins in order to monitor
the conformational changes of membrane proteins. SAXS technique is very
powerful and has been widely used to obtain structural information of soluble
proteins.
In the case of membrane proteins, the presence of detergent in solution but also
around the protein greatly complicates the analysis of scattering curves.
Accordingly, obtaining structural information of membrane proteins was up
to now quite complicated.
In the present work, we propose a new methodology to model the organization
of detergents around the membrane protein using data from SAXS. Our exper-
iments were performed at the synchrotron SOLEIL SWING beamline. The
main advantage of this beamline is that just prior to the SAXS experiment,
the sample is passed through a network connecting chromatography column
and a refractometer.
Using the membrane protein aquaporin-0 as a model system, we successfully
managed to model the SAXS curves allowing us to accurately determine the
arrangement of detergent molecules around the aquaporin-0.
The ability to model the organization of detergents around membrane proteins
opens the route for studies of their conformational changes.
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Recent developments in mass spectrometry have allowed membrane proteins in
complex with detergent micelles to be studied in the gas phase - previously
thought only possible for soluble proteins. This development paves the way
for future studies of membrane protein stability, structure and oligomerisation.
The gas phase environment is very different to that of a cell membrane, and
questions have been raised over the conformation of proteins in the gas phase.
Molecular dynamics (MD) simulations have been used extensively to explore
the evolution of gas phase structures of soluble proteins, with some evidence
that the native state may be stabilised in vacuum (although the timescale of
this stability remains unclear). However, membrane protein-detergent com-
plexes have been less well studied by simulations.
We have used a combination of non-equilibrium and equilibrium MD
simulations to elucidate some of the processes that occur during transition of
a protein-detergent complex from aqueous solution to vacuum (thus mimicking
electrospray ionisation). We compare two membrane protein architectures (an
a-helical bundle vs a b-barrel) and different detergents with respect to protein-
detergent complex dynamics and stability.1171-Plat
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The factors that affect packing of Transmembrane (TM) helices are vast. Pre-
vious research studying packing focused on the role of direct helical interac-
tions but ignored the role of the membrane. Studies typically rely on a single
configuration snapshot (e.g. X-ray crystallographic structure) and address fac-
tors that affect only the minimal energy structure such as specific side-chain
interactions. In previous work (1) we have showed that the membrane has
profound effects on the interactions between proteins. In this work we study
the effect of the membrane on the packing of model TM helices and show
that closed packing and crossing angle distribution are largely affected by
the presence of the lipid surroundings as well as by the helical geometry.
We study a vast range of hydrophobic mismatches and show that the role
of the membrane is in ensuring a tilted configuration as well as in minimizing
the area of disturbed lipids around the helix pair. These driving forces com-
bine together to create a mismatch-specific cross-angle distribution that re-
produces the qualitative features of the naturally occurring helical cross-
angle distribution. Specific interactions are not essential for obtaining an en-
semble of configurations with tightly packed crossed helix pairs. We study
those effects using a coarse grained model with Dissipative Particle Dynam-
ics (DPD) (2).
(1) FJM de-Meyer, M Venturoli, B Smit; Biophys J, 95 (2008) 1851-1865.
(2) FJM de-Meyer, A Benjamini, JM Rodgers, Y Misteli, B Smit; JPC B 114
(2010) 10451-10461.
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Conformational fluctuations of helical membrane proteins among active-
inactive conformations are crucial for their functions. Not only the amino
acid sequence of the protein but also the composition of surrounding lipids
should significantly affect the fluctuation, although the fundamental principles
are mostly unknown. Experimental systems using model transmembrane heli-
ces and lipid bilayers have been proposed to be useful for direct measurements
of elementary processes that determine the folding and conformational change
of membrane proteins, such as insertion of the helix into lipid bilayers and
helix-helix interaction in the bilayers. Here we show that real-time detection
of self-association and dissociation of the transmembrane helix (AALALAA)
3 is possible by single molecule FRET detection using the Cy3B- and Cy5-
labeled helices incorporated into large unilamellar vesicles (LUVs, diameter
~100 nm) composed of POPC. The LUVs were fixed on a glass surface via
biotin-avidin interaction and observed under a total internal reflection fluores-
cence microscope. After simultaneous observation of Cy3B and Cy5 fluores-
cence with 10-20-ms time resolution, LUVs that had incorporated only one
Cy3B- and one Cy5- labeled helices were selected based on the number of
photobleaching steps, and single-molecular FRET from Cy3B to Cy5 was
analyzed. FRET time course revealed that the helices fluctuate between
monomer and dimer with a time scale of subseconds in the presence of choles-
terol in the LUVs. The above experimental system will be useful for measure-
ment of kinetics of helix-helix interactions in membranes with various lipid
compositions.
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The oligomerization of G-protein coupled receptors, GPCRs, has in many cases
shown to be important for transmembrane protein structure and function [1,2],
however achieving quantitative parameters describing the process that governs
oligomerization is difficult. Traditionally oligomerization is quantified by pre-
paring distinct samples that carry different concentrations and by monitoring
bulk spectroscopic signals e.g FRET efficiencies [3], still the limited amount
of samples does not allow very accurate determination of the experimental
parameters.
Here we developed a nanoscale assay [4,5] that allows a highly accurate quan-
tification of the interaction forces between transmembrane molecules. As
